present time, there are at least seventy recognized medical photographic or illustration departments attached to hospitals or medical schools, and of these a large number have been established since the recent -war. Pure ophthalmic photography has been practised only sporadically by these general departments, and such circumstances do not encourage proficiency. Considered as a specialized branch of medical photography, therefore, ophthalmic photography is still in an experimental stage, but capable of being developed within a group of eye hospitals. In the United States many such hospitals have had their own specialized departments for some time.
reflexes. This model was later replaced by one using a Nitra-lamp with an annular filament and by a simple modification the small single reflex was eliminated. Despite various improvements, exposures with the newer model range from 1/25-1/5 sec., even with the fastest monochromatic emulsions ( fig. 2 ). Colour photography is therefore rather out of the question in view of the lengthy exposures which would be involved. By virtue of its highly concentrated light-source, however, the older carbon-arc model may still be used satisfactorily with colour materials: Bedell (U.S.A.) has produced a fairly complete set of fundus records in colour by this means.
A few of the workers in this country who are fortunate enough to possess a ZeissNordenson Camera are contemplating the use of the electronic flash discharge tube as a source of illumination. Similar ideas have occurred in South America (Halberg, awaiting publication), but to date no results appear to have been published. This particular type of flash tube has many other possible applications to ophthalmic and general medical photography (see under Illumination).
(c) The Zeiss Photo-Keratoscope (Amsler).-This apparatus provides a means whereby corneal images of a Placido disc may be permanently recorded. The names of Amsler and Hartinger (Hartinger, 1930) are usually associated with the development of this equipment, but until recently it has not enjoyed universal popularity.
Photographic records produced by this means provide information concerning the geometric form of the cornea, and will also reveal any abnormalities of surface.
With the renewed interest in corneal grafting, a greater demand for this type of photography may soon be shown.
The apparatus employs a disc of 14 cm. diameter, illuminated from behind by four 40 (Gartner, 1944) . A condensed beam from a flat spiral discharge tube provided the intense light (two million international candles) required, exposure being determined by the length of the flash (1/15,000th sec.). From the foregoing it will be seen that one of the chief problems confronting the ophthalmic photographer is the supply of equipment, for this must either be purchased through a very limited second-hand market or must be designed and constructed to order. Outside the limited scope of the Zeiss equipment, however, ophthalmic photography has everything in common with general medical photography-the equipment required and the uses of the finished products are exactly similar.
Illumination.-Lighting is perhaps the one factor in eye photography which demands special consideration. On this rests the comfort of the patient and his ability to co-operate; the clarity and depth of focus in the finished result; the presence or absence of disturbing highlights, and the ability to produce colour records of an irritable eye. Since most photography of the eye is of the close-up variety, necessitating long bellows extension, the intensity of illumination required is many times greater than that needed for general work. Add to this the fact that colour material is four or five times slower than the conventional monochromatic emulsions, and some idea of the problem may be formed.
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For all intents and purposes the light sources available for this type of work may be subdivided as follows:
(a) Ordinary tungsten illumination consisting of incandescent bulbs of the order of 500 watts.
(b) Photoflood bulbs, which are essentially low-voltage bulbs overrun to a greater or lesser extent. They are, therefore, fairly short-lived when used continuously.
(c) Flash-bulbs, filled with magnesium alloy foil or wire. These give an intense single flash and are then expended.
(d) Electronic flash. This recent innovation consists of an argon-filled tube through which a high-voltage current is momentarily discharged from a bank of condensers. The light emission is of a constant quality and of extremely short duration (1/20,000th sec.). Each tube may be used for several thousand flashes.
Briefly, both tungsten and photoflood illumination are hot and uncomfortable for the patient when used at the levels required for short exposures (1/10th sec.). Furthermore, great care must be exercised when this lighting is used in conjunction with colour film, for slight voltage variations will often produce a marked effect on final colour balance.
Flash illumination has a great deal to commend it in this connexion. Its unpleasant effects are momentary, and it provides an extremely portable light-source for nearly every type of work and condition. Flash-bulbs are expensive, however, and are likely to remain so: the cost of illumination may therefore be as high as that of the photographic materials and labour ( fig. 4 ).
Electronic flash, on the other hand, is likely to become almost ideal in the future. At the present time the initial expenditure on equipment is heavy, and the apparatus itself must be bulky to be efficient. American workers have used this type of lighting for some little time and with considerable effect. British equipment is still in a developmental stage, but the industry is making rapid progress. Regarding both this type of lamp and the flash-bulb, it should be mentioned that some little experience is necessary before the effect of any given placement of lamps can be predicted with certainty. Many of the larger tubes carry a built-in pilot lamp to assist in this primary positioning.
The above remarks apply mainly to still photography, and the illumination by flash does not provide an answer to the problems of cine-photography in colour. The normal projection and taking speed of cine-film is 16 frames/sec.: this predetermines the camera shutter speed at about 1/30th sec. Even using fast lenses with apertures ranging from f/1-5 to f,''28, the level of illumination required for colour motion picture work may prove trying even to normal eyes. This factor should be borne in mind when making any request for a cine record involving an ocular lesion.
Applications and uses.-Having assembled photographic and illustrative matter, the uses to which it may be put are varied but straightforward. The applications of visual material have been listed in detail many times, but for our purposes they may be summarized as follows:
(1) CLINICAL-Recording stages or events in the natural history of a disease. An aid to the assessment of progress or treatment.
(2) RESEARcH-Recording of results for analysis and/or publication.
(3) EDUCATION-Visual media of instruction: e.g. display, lantern-slide, filmstrip, film, &c.
The simplest application of illustrative material to medical education is the static display. Apart from a few outstanding collections, such as the Wellcome Foundation Museum, this medium has been sadly neglected in this country. Admittedly, the initial collation of material and its lay-out demand time and patience, but the final result may be used time and again with the minimum of revision.
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The filmstrip and the miniature lantern-slide (Hansell, 1949) also have a great potential future in this field. By definition, the filmstrip is an orderly sequence of still pictures on 35 mm. film and, although it should be prepared with the care of a motion picture, it is a vastly cheaper medium for the presentation.of non-kinetic subjects. Furthermore, the teacher is able to control the tempo of projection and the sequence of his material will always be correct.
The miniature lantern-slide is derived from the filmstrip or vice versa. Complete flexibility of presentation is therefore achieved, and it is through this latter medium that inexpensive slides in full colour may be produced ( fig. 6 ). Though primarily intended for projection, desk-type viewers are available for the individual inspection of such slides.
Enough has been written about medical film to fill many chapters, but the general standard of film production remains very low (Scientific Film Association, 1946) , and teachers must be prepared to spend several months over the initial scripting: the present tendency is to decide to make a film but a week or two before an important lecture, subsequent imperfections being excused for this very reason. All these points have been mentioned elsewhere with greater clarity, but they must apply with equal force to ophthalmology.
( There are certain basic questions which must be decided in advance: Is it a photograph which is required or would a line-drawing be more lucid? Is colour really an important feature? Is the subject essentially kinetic or static? How much information may be put on a single lantern-slide? Given the opportunity, most medical artists or photographers are in a position to offer sound advice, based on their previous successes and failures. A great deal of help, however, may be afforded by the medical staff when making requests for illustrations. Explicit instructions and thumbnail sketches to indicate positions required are of inestimable value to the photographer or artist. Too often does the phrase "Photograph please" appear on request cards, adequate instructions only rarely being appended. SUMMARY The basic equipment required for ophthalmic photography is described together with certain technical data. Methods of illumination are discussed in relation to the comfort of the patient and the quality of the finished result. Finally, the various illustrative media are reviewed, and some guiding principles for their considered use are laid down.
In Mr. Edgar Fincham said that he was not an ophthalmologist but was something of a photographer and interested in optical technique. The photographs he had to show were not put forward as outstanding examples of pathological conditions but because most of them had been obtained with rather unusual methods of illumination in order to record things which perhaps were not ordinarily seen. His photographs had more to do with the physiology of the eye than with the recording of pathological states.
His first photograph of the eye was taken about twenty-five years ago and he thought it was the most ambitious effort he had ever made. It was undertaken to try to relieve the monotony of a Paper on the mechanism of accommodation. He thought it might be interesting to try to record the changes in the Purkinje images photographically. This meant studying a number of cases because the definition of the images varied from one case to another, but he found one subject which showed the images very well and he was able to get some photographs. For this purpose he used three sources of light in the form of a triangle. The illumination was obtained from an open arc lamp with three concave mirrors focusing the light on to the eye, and by means of a shutter in front of the lamp and a shutter on the camera, working more or less synchronously, it was possible to get photographs with the pupil dilated as in darkness.
Photographs had also been made with slit-lamp illumination. There were some difficulties in undertaking this but he thought it was well worth while trying. The slit-lamp was able to show so much that could not be seen otherwise. It was easy to illustrate the treatment or correction of a case of conical cornea by means of the contact lens. As a control he showed a normal cornea and compared this with the conical cornea with its opaque centre and again with the conical cornea fitted with the contact lens in position. It was intended that the contact lens should touch the centre of the cornea in the hope that it would prevent it coming forward any more. Some months after it was originally photographed he obtained some further photographs and was surprised to find that the spherical lens was then in contact with the cornea over practically the whole of the surface. One interesting point was that, as it seemed to him, this cornea was not thinner in the centre than the normal, bujt it was thicker at the margins.
Slit-lamp illumination showed iemnants of the pupillary membrane. There was no other way of showing these, whiclh were quite invisible with the ophthalmoscope but showed very clearly with the slit-lamp. In the illustration of congenital coloboma ( fig. 1 ) the lamp was well over to the side. The tilt was made in order to show the pupillary fibre which was ordinarily not seen against the dark background of the pupil. It was shown quite clearly by direct illumination with slit-lamp.
Most of his slit-lamp photographs were taken to illustrate the changes in accommodation. One remarkable case of aniridia was included. The photograph here was taken from below at an angle of about 30 degrees. By an optical trick he was enabled to get a projection of these images to show the perpendicular view ( fig. 2) . It was a question of projecting the image back into the same position as was occupied by the eye at the time, and then placing a photographic plate in that position. Another method of photographing the eye which was not usually practised but was a perfectly good one was to adopt a procedure in which a plus lens was used and to observe the media by transillumination. Just as that was effective in the ophthalmoscope so it could be used in photography. He had used it only for recording the changes in the crystalline lens duiing accommodation in cases of aniridia or very large coloboma.
The next case he illustrated was one of very large detachment of the iris (fig. 3) . The pupil was iust visible. The iris was receiving a great deal of illumination, but the result showed quite nicely the change in diameter of the crystalline lens and also the movements of the ciliary processes. A similar photograph of a large coloboma did not record the diameter of the lens, but the movement of the ciliary processes was shown quite well. Another feature which was shown was the little crenations on the edge of the lens, apparently due to tension of the fibres. These tended to flatten out when the tension upon the lens was relaxed in accommodation. There was one great difficulty about this photography and that was the enormous range of brightness against whiah one haa to contend. It was necessary to have a considerably flattened result, otherwise some parts such as the cornea and certainly the iris would be so intensely,bright as to be unprintable. Finally, Mr. Fincham briefly described his apparatus, most of which he had constructed himself, and.he also showed an unusual photograph of a retinal image taken through an optometer.
Mr. Arthur Lister said that it was only proper that a clinician should make some contribution to the discussion. In actual fact he need not say very much because many of the clinical applications of photography were already familiar to those present. Clinical photography was still in its infancy in ophthalmology as well as in other specialties. It would grow only with extended use and he felt more use should be made of it. By this he did not mean that every squint should be photographed before and after operation but to take two small examples, more use could be made of photographs as records of growths, and, secondly, nothing could compare with colour photographs recording external conditions. He knew of no collection of colour photographic slides of external conditions in this Country such as he had seen in Brussels or in Calcutta; eveiy eye department might well take a series of colour photographs of common eye diseases for teaching purposes.
His own particular interest was in fundus photography. Although fundus photography had reached a standard which made it of practical value, it still had some way to go before it achieved its full usefulness. One of the chief problems was exposure time. In the case of black-and-white photography an exposure of 1/10th sec. gave good results, but in colour photography-especially as the standard of colour films had dropped since the war-it was necessary to give, so he understood, a I sec. exposure, and with the likelihood of movement of the eye of the patient, success was not obtained in more than 1 out of 3 or more exposures. This problem might be overcome by fitting to the fundus camera an electronic flash tube which gave an illumination of several thousand footcandles. This would allow of an exposure of a few thousandths of a second.
Mr. Lister said that in selecting the photographs shown at the Meeting and, looking through the case-records attached to them, he was struck with the great possibilities which such photographs offered not only for teaching purposes but for the study of the ophthalmological aspects of systemic disease. He reminded the Section of the many varieties of retinal vascular change and of the value of having photographs of the fundus, taken at intervals in the course of a disease. The study of such a series might go a long way to solving some of the problems of the retinopathies and their causes. One wondered what Bright would have thought of it: the speaker then showed two illustrations of the fundus in Bright's disease. The first was a drawing made about 1860 soon after the ophthalmoscope was invented and the other was a recent photograph.
Mr. Fincham, speaking on the matter of exposures for fundus photograph which had been raised by Mr. Lister, said that with the use of the arc-lamp for monochrome photography an exposure of 1/50th sec. did quite well. During his earlier remarks he had shown a Kodachrome which had received 1/5th of a sec. Before the war an exposure of 1/10th sec. for colour work could be given.
But 1/50th sec. for monochrome work was quite good.
Mr. B. W. Rycroft said that he had one or two examples taken by a method which Mr. Lister had mentioned, namely, the electronic flash. This was used for external records and for the recording of an operation. Some difficulty was present in getting rid of the highlights. His subjects included a pre-operative view of a graft case with a central nebula; also a case of cantho-rhinostomy. He showed a series of pictures of the operation.
Mr. Lister wondered if the arc-lamp might not give unpleasant after-images. He himself used a filament lamp with which he could take several photographs, with only a very short after-image. He thought that the arc-lamp might be rather troublesome in this respect.
Mr. Fincham said that he had not found this to be so. He had used the arc on his colleagues and there had been no complaints from them. He had been interested in the suggestion as to the use of the light of the electronic flash for fundus photography. Unless one could form an optical image which was quite small he wondered whether this presented any advantage. It was a question of just masking it down for the size required. The great advantage of the arc was that it was a very small and intense source. The filament lamp embodied a special circular filament, and he wondered how one managed with the image when the light was from a fairly large source.
Mr. Lister said that, on the point mentioned by Mr. Fincham, methods of masking had been applied. It did not matter much about wasting the light so long as the exposure could be cut to a sufficiently short time.
